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UV-ASSISTED DIELECTRIC FORMATION 
FOR DEVICES WITH STRAINED 

GERMANIUM-CONTAINING LAYERS 

FIELD OF THE INVENTION 

The present invention relates to semiconductor processing, 
and more particularly to forming semiconductor devices con 
taining silicon-containing dielectric layers overlying strained 
germanium-containing layers. 

BACKGROUND OF THE INVENTION 

In semiconductor devices, strained germanium (s-Ge), 
strained silicon (s-Si), and strained silicon germanium 
(s-SiGe) layers are very promising as future transistor chan 
nel materials. Devices such as metal oxide semiconductor 
?eld effect transistors (MOSFETs) using strained substrates 
have been experimentally demonstrated to exhibit enhanced 
device performance compared to devices fabricated using 
conventional (unstrained) silicon substrates. Potential perfor 
mance improvements include increased device drive current 
and transconductance, as Well as the added ability to scale the 
operation voltage, Without sacri?cing circuit speed, in order 
to reduce poWer consumption. 

In general, formation of strained layers is the result of 
strain induced in these layers When they are groWn on a 
substrate formed of a crystalline material Whose lattice con 
stant is greater or smaller than that of the strained layers. The 
lattice constant of Ge is about 4.2 percent greater than that of 
Si, and the lattice constant of a SiGe alloy is linear With 
respect to its Ge concentration. In one example, the lattice 
constant of a SiGe alloy containing ?fty atomic percent Ge is 
about 1.02 times greater than the lattice constant of Si. 

Overlying the channel material in a MOSFET is a gate 
dielectric material, and a gate electrode material overlies the 
gate dielectric material. Current methods for forming dielec 
tric layers, such as the gate dielectric material, typically 
require high temperature oxidation processes in order to 
achieve desired electrical properties. Currently, substrate 
temperatures above 700° C. are required, substrate tempera 
tures of 800° C. or higher are typical. Alternatively, plasma 
oxidation may be used to form the dielectric layers at loWer 
temperature. HoWever, the present inventors have observed 
that the above conventional dielectric formation processes 
result in defects When applied to strained Ge-containing lay 
ers. 

SUMMARY OF THE INVENTION 

Accordingly, embodiments of the invention are directed to 
minimiZing any of the above-described and/ or other problems 
relating to methods and devices using strained Ge-containing 
layers. 

These and/or other objectives may be achieved by embodi 
ments of the invention, Which provide a loW temperature 
ultra-violet (UV) radiation exposure process for forming Si 
containing dielectric layers such as SiO2, SiON, or SiN 
dielectric layers for devices containing strained Ge-contain 
ing materials. The Ge-containing materials can include Ge 
and SiGe layers. The process uses UV radiation and a process 
gas containing an oxygen-, nitrogen-, or oxygen and nitro 
gen-containing gas, and substrate temperatures below 7000 
C. to form highly uniform and ultra thin Si-containing dielec 
tric layers With excellent dielectric properties, While minimiZ 
ing oxidation and strain relaxation in the underlying strained 
Ge-containing layer. The Si-containing dielectric layers can 
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2 
either be used alone as gate dielectric layers or as interfacial 
layers in combination With a high-k dielectric material in a 
device. 

Thus, according to one embodiment of the invention, the 
method includes providing a substrate in a vacuum process 
ing tool, the substrate having a strained Ge-containing layer 
on the substrate and a Si-containing layer on the strained 
Ge-containing layer, maintaining the substrate at a tempera 
ture less than 7000 C., and exposing the Si-containing layer to 
oxidation radicals in an UV-as sisted radical oxidation process 
to form a Si-containing dielectric layer While minimiZing 
oxidation and strain relaxation in the underlying strained 
Ge-containing layer. 

According to another embodiment of the invention, a semi 
conductor device is provided that includes a substrate, a 
strained Ge-containing layer on the substrate, a Si-containing 
dielectric layer formed on the strained Ge-containing layer, 
Wherein the Si-containing dielectric layer is formed by expos 
ing a Si-containing layer overlying the strained Ge-contain 
ing to oxidation radicals in an UV-assisted radical oxidation 
process to form a Si-containing dielectric layer at a substrate 
temperature less than 7000 C. that minimiZes oxidation and 
strain relaxation in the underlying strained Ge-containing 
layer. The semiconductor device can further contain a gate 
electrode layer on the Si-containing dielectric layer or a 
high-k layer on the Si-containing dielectric layer and a gate 
electrode layer on the high-k layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIGS. 1A-1E schematically shoW cross-sectional device 

vieWs corresponding to processing steps used in forming a 
semiconductor device containing a strained Ge-containing 
layer according to an embodiment of the invention; 

FIGS. 2A and 2B schematically shoW cross-sectional 
vieWs of semiconductor devices containing a strained Ge 
containing layer according to embodiments of the invention; 

FIG. 3 is a process How diagram for forming a semicon 
ductor device containing a strained Ge-containing layer 
according to an embodiment of the invention; 

FIG. 4 schematically shoWs a vacuum processing tool for 
forming a semiconductor device according to an embodiment 
of the invention; and 

FIG. 5 is a simpli?edblock-diagram of a processing system 
containing an ultra-violet (UV) radiation source for process 
ing a semiconductor device according to embodiments of the 
invention. 

DETAILED DESCRIPTION OF SEVERAL 
EMBODIMENTS OF THE INVENTION 

As noted in the Background section above, the present 
inventors have ob served that conventional dielectric forming 
techniques can form defects When applied to strained Ge 
containing layers. In particular, conventional high substrate 
temperatures have been observed to result in defect formation 
due to at least partial strain relaxation in strained Ge-contain 
ing channel materials such as Ge and SiGe, and/or partial 
oxidation of the strained Ge-containing layer. Furthermore, 
since the dielectric layers can be only a feW monolayers thick, 
the strained Ge-containing layers underneath the dielectric 
layers may be damaged by highly energetic plasma species 
during conventional plasma oxidation. Embodiments of the 
invention are directed to providing a loW temperature dielec 
tric-forming process that minimiZes oxidation and strain 
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relaxation in the strained Ge-containing layers, Without con 
ventional plasma damage to the underlying strained Ge layer. 

Embodiments of the invention provide a method for form 
ing high performance devices that contain an ultra thin Si 
containing dielectric layer formed over a strained Ge-con 
taining material. The Si-containing dielectric layer can, for 
example, either be used alone as a gate dielectric layer or as an 
interfacial layer in combination With a hi gh-k dielectric mate 
rial. According to one embodiment of the invention, the Si 
containing dielectric layer can include a SiO2 layer, a SiON 
layer, or a SiN layer, or a combination of tWo or more thereof. 

In the ?gures described beloW, for ease of reference, com 
mon reference numerals are used throughout the ?gures When 
referring to the same or similar features common to the ?g 
ures. 

FIGS. 1A-1E schematically shoW cross-sectional device 
vieWs corresponding to processing steps used in forming a 
semiconductor device containing a strained Ge-containing 
layer according to an embodiment of the invention. In FIG. 
1A, the substrate (Wafer) 100 can be of any siZe, for example 
a 200 mm substrate, a 300 mm substrate, or an even larger 
substrate. In one example, the substrate can be a n-type Si 
substrate. According to one embodiment of the invention, the 
substrate 100 may contain a SiGe buffer layer. 

FIG. 1B shoWs a strained Ge-containing layer 102 formed 
over the substrate 100. The strained Ge-containing layer 102 
can be a Ge layer, or a SixGelqC layer Where x is the atomic 
fraction of Si and l-x is the atomic fraction of Ge. As used 
herein, “SiGe” refers to SixGelqC alloys Where 0.l§l—x<l. 
Exemplary SixGeHC alloys include SiO_1GeO_9, SiO_2GeO_8, 
SiO.3GeO.7$ SiO.4GeO.6$ siosGeoss SiO.6GeO.4$ SiO.7GeO_3s 
SiO_8GeO_2, and SiO_9GeO_l. The strained Ge-containing layer 
102 can have, for example, a thickness betWeen about 1 nm 
and about 20 nm, or betWeen about 5 nm and about 10 nm. In 
one example, the strained Ge-containing layer 102 can be a 
compressive-strained Ge layer or a tensile-strained SixGelqC 
(x>0.5) deposited on a relaxed SiO_5GeO_5 buffer layer. 

FIG. 1C shoWs a Si-containing layer 104 formed over the 
strained Ge-containing layer 102 on the substrate 100. The 
Si-containing layer 104 can, for example, have a thickness 
betWeen about 0.3 nm and about 2 nm, or betWeen about 0.5 
nm and about 1 nm. The Si-containing layer 104 can contain 
a Si layer, a SiO2 layer, a SiN layer, or a SiON layer, or a 
combination of tWo or more thereof. In one example, the 
Si-containing layer 104 can contain a SiO2 layer overlying a 
Si layer. In another example, the Si-containing layer 104 can 
contain a SiN layer or a SiON layer overlying a Si layer. The 
Si layer can be crystalline, polycrystalline, or amorphous. 
According to one embodiment of the invention, the Si layer 
can be a tensile-strained Si layer. 

FIG. 1D shoWs the Si-containing layer 104 depicted in 
FIG. 1C exposed to UV radiation 105 and a process gas 
containing an oxygen-, nitrogen-, or oxygen and nitrogen 
containing gas to form the Si-containing dielectric layer 10411 
by oxidation of the Si-containing layer 104 While maintaining 
the substrate 100 at a temperature less than 700° C. The UV 
radiation exposure may be performed by utiliZing a process 
ing system containing an UV radiation source as Will be 
described With respect to FIG. 5 beloW. As used herein, oxi 
dation of the Si-containing layer 104 refers to a chemical 
reaction betWeen the Si-containing layer 104 and oxygen, 
nitrogen, or oxygen and nitrogen to incorporate oxygen, 
nitrogen, or both oxygen and nitrogen into the Si-containing 
layer 104. The oxidation can thus form a Si-containing dielec 
tric layer 10411 that includes a SiO2 layer, a SiON layer, or a 
SiN layer. The UV-assisted oxidation process includes expos 
ing the Si-containing layer 104 to oxidiZing radicals that 
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4 
include oxygen radicals, nitrogen radicals, or both oxygen 
and nitrogen radicals, that are effective in forming a Si-con 
taining dielectric layer 104a depicted in FIG. 1E Without 
substantially oxidiZing or relaxing the underlying strained 
Ge-containing layer 102. It is contemplated that the dielectric 
forming process may oxidiZe the entire vertical thickness of 
the Si-containing layer 104 but this is not required as partial 
oxidation of the entire vertical thickness of the Si-containing 
layer 104 may occur. Furthermore, as those skilled in the art 
Will readily recogniZe, elemental composition throughout the 
formed Si-containing dielectric layer 104a may not be uni 
form but may instead have a vertical composition pro?le. In 
one example, different elements Within the layer 104a may 
have different vertical composition pro?les. The Si-contain 
ing dielectric layer 104a may have a thickness betWeen about 
0.3 nm and about 2 nm, or betWeen about 0.5 nm and about 1 
nm. 

According to one embodiment of the invention, the Si 
containing dielectric layer 104a, can contain an oxide layer 
containing Si and 0, an oxynitride layer containing Si, O, and 
N, or a nitride layer containing Si and N. According to one 
embodiment of the invention, the Si-containing dielectric 
layer 104a can contain an oxide layer such as a SiO,C layer 
Where x29. In one example, the Si-containing dielectric layer 
104a can contain SiO2. In another example, the Si-containing 
dielectric layer 104a can contain a SiO,C layer Where l<x<2. 
According to another embodiment of the invention, the Si 
containing dielectric layer 104a may contain an oxynitride 
layer such as a SiOxNy layer. In one example, a composition 
of the SiOxNy layer may include 0<x§2 and 0<y§0.25. 
According to yet another embodiment of the invention, the 
Si-containing dielectric layer 104a can contain a SixNy layer. 
A composition of the SixNy layer may include x23 and y§4, 
for example a fully nitrided Si3N4 layer. In summary, the 
Si-containing dielectric layer 104a may contain a dielectric 
layer of SiOx, SiOxNy, or SixNy, or a combination of tWo or 
more thereof. As used herein, these dielectric layers are 
referred to as SiO2, SiON, or SiN dielectric layers, respec 
tively. 
The choice betWeen a SiO2, SiON, or SiN dielectric layer 

in a device can depend on the electrical properties that are 
desired and materials compatibility With high-k materials. 
For example, SiO2 dielectric layers are traditionally observed 
to have better electric properties than SiON dielectric layers, 
but SiON and SiN dielectric layers can be better diffusion 
barriers and can have a higher dielectric constant than SiO2 
dielectric layers, thereby increasing the overall dielectric con 
stant of the gate stack, at the expense of reduced electron 
mobility in the device. 

FIGS. 2A and 2B schematically shoW cross-sectional 
vieWs of semiconductor devices containing a strained Ge 
containing layer according to embodiments of the invention. 
In the schematic cross-sectional vieWs in FIGS. 2A and 2B, 
source and drains regions of the MOSFETs 20, 30 are not 
shoWn. FIG. 2A shoWs a cross-sectional vieW of a MOSFET 
20 containing a gate electrode layer 106 on the Si-containing 
dielectric layer 104a, and oxide spacer 110. 

FIG. 2B shoWs a cross-sectional vieW of a MOSFET 30 
containing a high-k dielectric layer 108 over the Si-contain 
ing dielectric layer 10411, a gate electrode layer 106 over the 
high-k layer 108, and oxide spacer 110. The high-k dielectric 
layer 108 can, for example, contain a metal oxide or a metal 

silicate, including Ta2O5, TiO2, ZrO2, A1203, Y2O3, HfSiOx, 
HfO2, ZrO2, ZrSiOx, TaSiOx, SrOx, SrSiOx, LaOx, LaSiOx, 
YOX, orYSiOx, or combinations of tWo or more thereof. The 
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thickness of the high-k dielectric layer 108 can, for example, 
be betWeen about 2 nm and about 20 nm, and can be about 4 
nm. 

The gate electrode layer 106 can, for example, be about 10 
nm thick and can contain poly-Si, a metal, or a metal-con 

taining material, including W, WN, WSix, Al, Mo, Ta, TaN, 
TaSiN, HfN, HfSi, HfSiN, Ti, TiN, TiSiN, Mo, MoN, Re, Pt, 
or Ru. 

FIG. 3 is a process How diagram for forming a semicon 
ductor device containing a strained Ge-containing layer 
according to an embodiment of the invention. Referring noW 
to FIGS. 1 and 3, the process 300 includes, in step 302, 
providing a substrate 100 in a vacuum processing tool. 
According to one embodiment of the invention, the vacuum 
processing tool may be the vacuum processing tool 400 
depicted in FIG. 4. 

In step 304, a strained Ge-containing layer 102 is deposited 
onto the substrate 100. A strained SiGe layer 102 can, for 
example, be formed by chemical vapor deposition (CVD) 
using a reactant gas mixture containing a silicon-containing 
gas such as silane (SiH4), disilane (Si2H6), chlorosilane (Si 
ClH3), dichlorosilane (SiCl2H2), trichlorosilane (SiCl3H), or 
hexachlorodisilane (Si2Cl6), and a germanium-containing 
gas such as germane (GeH4). A strained Ge layer 102 can, for 
example, be formed by CVD at a substrate temperature beloW 
700° C. using a reactant gas containing GeH4. Altemately, the 
strained Ge-containing layer 102 may be deposited by physi 
cal vapor deposition (PVD) methods such as sputtering. 

In step 306, a Si-containing layer 104 is formed on the 
strained Ge-containing layer 102. The Si-containing layer 
104 can, for example, be a Si layer formed by CVD at a 
substrate temperature below 7000 C. using a reactant gas 
containing a silicon-containing gas such as or Si2Cl6. 

The strained Ge-containing layer 102 and the Si-contain 
ing layer 104 can, for example, be deposited in a batch pro 
cessing system con?gured to process about 100 substrates 
(Wafers), or less. Alternately, a single Wafer processing sys 
tem may be utilized. The substrates can be of any size, for 
example 200 mm substrates, 300 mm substrates, or even 
larger substrates. Processing conditions used for depositing 
the strained Ge-containing layer 102 and the Si-containing 
layer 104 can include a process chamber pressure less than 
about 100 Torr. By Way of example only, in a batch processing 
system, the chamber pressure can be less than about 1 Torr, for 
example about 0.3 Torr. By Way of further example only, in a 
single Wafer processing system, the chamber pressure can be 
in the range of about 1-20 Torr. Exemplary batch processing 
systems that may be utilized for depositing the strained Ge 
containing layer 102 and the Si layer-containing layer 104 are 
described in US. Patent Application Publication No. 2005/ 
0066892 Al, the entire content of Which is herein incorpo 
rated by reference. 

In step 308, the Si containing layer is exposed to a substrate 
temperature of less than 7000 C. to oxidation radicals in a 
UV-assisted process, as Will be further discussed beloW. 

While steps 304 and 306 of FIG. 3 shoW deposition ofthe 
strained Ge-containing layer and forming of the Si layer, 
actual forming of these layers in the same vacuum processing 
tool that exposes the Si-containing layer 104 to UV radiation 
is not required for the present invention. HoWever, forming 
these layers in the vacuum processing tool can minimize 
oxidation and contamination of these layers prior to exposure 
of the Si-containing layer 104 to the UV radiation and the 
process gas to form the Si-containing dielectric layer 104a. 
Further, one or both of the strained Ge-containing layer and 
Si-containing layer may be provided on the substrate prior to 
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6 
implementation of the present invention. That is, actual per 
formance of steps 304 and 306 is not required to practice the 
present invention. 

For example, according to one embodiment of the inven 
tion, a substrate containing a strained Ge-containing layer 
102 on the substrate 100 may be provided into the vacuum 
processing tool. Thereafter, a Si-containing layer 104 is 
formed on the strained Ge-containing layer 102 (step 306), 
and the Si-containing layer 104 is exposed to UV radiation 
and a process gas containing an oxygen-, nitrogen-, or oxygen 
and nitrogen-containing gas to form the Si-containing dielec 
tric layer 104a (step 308). In one example, any Ge-containing 
oxide formed on the strained Ge-containing layer 102 by 
transferring of the substrate through air to the vacuum pro 
cessing tool, may be removed in the vacuum processing tool 
prior to forming the Si-containing layer 104 on the strained 
Ge-containing layer 102. In one example, since Ge-contain 
ing oxides can be volatile at moderate temperatures, removal 
of the Ge-containing oxide portion of the strained Ge-con 
taining layer 102 may be performed by an annealing process. 

According to yet another embodiment of the invention, a 
substrate 100 containing a strained Ge-containing layer 102 
on the substrate 100 and a Si-containing layer 104 on the 
strained Ge-containing layer 102 may be provided into the 
vacuum processing tool. Thereafter, and the Si-containing 
layer 104 is exposed to UV radiation and a process gas con 
taining an oxygen-, nitrogen-, or oxygen and nitrogen-con 
taining gas to form the Si-containing dielectric layer 104a 
(step 308). In addition, any native oxide formed on the Si 
containing layer 104 by transferring of the substrate through 
air to the vacuum processing tool may be removed prior to the 
exposure to UV radiation and a process gas. In one example, 
native oxide removal may be performed by a chemical oxide 
removal (COR) process Where the native oxide layer is 
exposed to a treating gas comprising HF and NH3 to form a 
chemically treated layer. Next, a desorption process is per 
formed in order to remove the chemically treated layer. In 
another example, removal of any native oxide layer formed on 
the Si-containing layer 104 may be omitted prior to the expo 
sure to the UV radiation. 
As noted above, conventional high temperature oxidation 

processes can oxidize or relieve the strain of the Ge-contain 
ing layer, but loWer temperature conventional plasma oxida 
tion processes can damage the underlying Ge-containing 
layer. Such conventional oxidation plasmas are typically 
characterized by high electron temperature (Te) and high 
plasma density or loW electron temperature and loW plasma 
density that requires long plasma exposure times. For 
example, US. patent application Ser. No. 11/393,737, the 
entire content of Which is incorporated herein by reference, 
discloses a soft plasma dielectric forming process that can 
provide a dielectric With reduced damage, but may require 
plasma exposure times that are unacceptable for some pro 
cesses. In step 308, the Si-containing layer 104 is exposed to 
UV radiation 105 in the presence of a process gas at a sub 
strate temperature less than 7000 C. The present inventors 
have recognized that such a process can provide time ef?cient 
oxidation (0, N, or O and N incorporation) of the Si-contain 
ing layer 104 While minimizing damage to the strained Ge 
containing layer 102. The UV radiation exposure may be 
performed by a processing system containing an UV radia 
tion source, such as described in FIG. 5. The processing 
system described in FIG. 5 is characterized by generation of 
loW energy oxygen and/ or nitrogen radicals that enable sub 
stantially damage-free oxidation of the Si-containing layer 
104 overlying the strained Ge-containing layer 102. Further, 
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the UV oxidation process avoids or minimizes oxidation and 
strain relaxation in the underlying strained Ge-containing 
layer 102. 

According to one embodiment of the invention, the Si 
containing layer 104 is oxidiZed to form an oxide layer (SiO2) 
from a process gas containing 02 or H20 and an inert gas such 
as Ar, Kr, He, or Xe. A How rate ofthe 02 or H2O gas can be 
between 10 sccm and 500 sccm, and a How rate of the inert gas 
can be betWeen 500 sccm and 2000 sccm. The gas pressure in 
the process chamber can be betWeen 20 mTorr and 200 mTorr. 
The substrate can be maintained at a temperature less than 
700° C., for example betWeen room temperature and less than 
700° C., or betWeen about 200° C. and about 5000 C. In one 
example, the substrate can be maintained at a temperature of 
about 500° C. 

According to another embodiment of the invention, the 
Si-containing layer 104 is oxidiZed to form an oxynitride 
layer (SiON) from a process gas containing N2, 02, and 
optionally an inert gas such as Ar, Kr, He, or Xe. A How rate 
ofthe 02 gas and the N2 gas can be between 10 sccm and 500 
sccm, and a How rate of the inert gas can be betWeen 500 sccm 
and 2000 sccm. The gas pressure in the process chamber can 
be betWeen 20 mTorr and 2000 mTorr. The substrate can be 
maintained at a temperature less than 700° C., for example 
betWeen room temperature and less than 700° C., or betWeen 
about 200° C. and about 500° C. In one example the substrate 
can be maintained at a temperature of about 500° C. Accord 
ing to another embodiment of the invention, the process gas 
may contain NO, N02, or N20, or a combination thereof, and 
optionally an inert gas. 

According to still another embodiment of the invention, the 
Si-containing layer 104 is oxidized to form a nitride layer 
(SiN) from a UV excited process gas containing N2 or NH3 
and optionally an inert gas such as Ar, Kr, He, or Xe. A How 
rate of the N2 gas can be between 10 sccm and 500 sccm, and 
a How rate of the inert gas can be betWeen 500 sccm and 2000 
sccm. The gas pressure in the process chamber can be 
betWeen 20 mTorr and 2000 mTorr. The substrate can be 
maintained at a temperature less than 700° C., for example 
betWeen room temperature and less than 700° C., or betWeen 
about 200° C. and about 500° C. In one example the substrate 
can be maintained at a temperature of about 500° C. 

According to yet another embodiment of the invention, the 
Si-containing layer 104 is oxidiZed to form an oxynitride 
layer (SiON) in a sequential UV-assisted oxidation process. 
For example, a SiO2 layer may be ?rst formed by exposing the 
Si-containing layer 1 04 to UV radiation and a ?rst process gas 
containing 02 or H2O, folloWed by exposure of the SiO2 layer 
to UV radiation and a second process gas containing N2 or 
NH3. According to another embodiment of the invention, a 
SiN layer may be ?rst formed by exposure of the Si-contain 
ing layer 104 to UV radiation and a ?rst process gas contain 
ing N2 or NH3, folloWed by exposure of the SiN layer to a UV 
radiation and a second process gas containing 02 or H2O. The 
tWo step process may be performed in the same processing 
system to minimiZe substrate contamination and increase 
throughput or, alternately, the tWo step process may be per 
formed in different processing systems each con?gured for 
performing one of the tWo steps. The processing conditions 
described above for forming oxide and nitride layers may be 
utiliZed for performing the tWo step process for forming the 
oxynitride layer. 

FIG. 4 schematically shoWs a vacuum processing tool for 
forming a semiconductor device according to an embodiment 
of the invention. The vacuum processing tool 400 contains 
substrate loading chambers 410 and 420, processing systems 
430-460, robotic transfer system 470, and controller 480. 
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8 
The substrate loading chambers 410 and 420 are utiliZed 

for transferring substrates into the vacuum processing tool 
400 for processing, and out of the vacuum processing tool 400 
folloWing processing. Since the vacuum processing tool 400 
is normally under vacuum, the substrate loading chambers 
410 and 420 are con?gured to evacuate substrates disposed in 
the vacuum processing tool 400. As shoWn in FIG. 4, the 
substrate loading chambers 410 and 420 are coupled to the 
robotic transfer system 470. The robotic transfer system 470 
is con?gured for transferring substrates betWeen the substrate 
loading chambers 410 and 420 and the processing systems 
430-460. The robotic transfer system 470 can, for example, be 
purged With an inert gas such as Ar under vacuum conditions 
(e.g., about 100 m Torr or less). 
The processing system 430 can be con?gured for degas 

sing and/or pre-cleaning. Degassing may be carried out fol 
loWing evacuation When the patterned substrate is disposed in 
the vacuum processing tool 400. The degassing can, for 
example, be performed by heating the substrate to a tempera 
ture betWeen about 100° C. and about 500° C. in the presence 
of an inert gas such as Ar. Pre-cleaning may include light 
plasma cleaning of the substrate to remove any native oxide or 
other impurities from the surface of the substrate. According 
to one embodiment, the processing system 430 may be con 
?gured for removing an oxide layer from the surface of the 
substrate using chemical oxide removal (COR) processing. 
The processing system 440 can be con?gured for deposit 

ing a strained Ge-containing layer (e.g., Ge or SiGe) on the 
substrate by chemical vapor deposition (CVD), plasma 
assisted vapor deposition (PVD), or atomic layer deposition 
(ALD). Furthermore, the processing system 440 may be con 
?gured for depositing a SiGe buffer layer on the substrate 
prior to depositing the strained Ge-containing layer. A SiGe 
buffer layer can be a thick relaxed SiGe layer. The processing 
system 450 can be con?gured for forming a Si-containing 
layer on the strained Ge-containing layer. Alternately, the 
processing system 440 may be con?gured for depositing the 
strained Ge-containing layer and the Si-containing layer. The 
processing system 460 is con?gured for forming the Si-con 
taining dielectric layer by exposing the Si-containing layer to 
UV radiation and a process gas. According to one embodi 
ment of the invention, the processing system 460 can be the 
processing system 500 depicted and described in FIG. 5. 
Although not shoWn, the vacuum processing tool 400 may 
also contain a substrate aligning system and a cool-doWn 
system con?gured for cooling processed substrates. 

Following degassing and/ or pre-cleaning in the processing 
system 430, the substrate is transported by the robotic transfer 
system 470 to the processing system 440 for depositing a 
strained Ge-containing layer. Next, the substrate is trans 
ported by the robotic transfer system 470 to the processing 
system 450 for depositing a Si-containing layer onto the 
strained Ge-containing layer. Next, the substrate is trans 
ported by the robotic transfer system 470 to the processing 
system 460 for exposing the Si-containing layer to UV radia 
tion and a process gas. Thus, the vacuum processing tool 400 
alloWs for performing the processing steps 302-308 of FIG. 3 
Without exposure to air during and betWeen the steps 302 
308. This enables formation of clean material layers With 
good control over interfaces betWeen the different layers. 
Although not shoWn, the processing tool 400 may contain or 
be in vacuum connection With additional processing systems 
for further processing of the substrate folloWing the process in 
step 308. For example, one or more processing systems may 
be con?gured for depositing a high-k layer on the Si-contain 
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ing dielectric layer, annealing the high-k stack following 
deposition of the high-k layer, or depositing a gate electrode 
layer on the high-k layer. 

According to one embodiment, the Si-containing layer 104 
may contain a loW density chemical oxide layer (SiOx) that is 
formed by Wet oxidation of a Si layer. The loW density chemi 
cal oxide layer may subsequently be densi?ed by exposure to 
UV radiation and a process gas to form a Si-containing dielec 
tric layer 10411. The Si-containing dielectric layer 104a can 
contain SiO2, or SiON, or a combination thereof. 

The vacuum processing tool 400 can be controlled by a 
controller 480. The controller 480 can be coupled to and 
exchange information With substrate loading chambers 410 
and 420, processing systems 430-460, and robotic transfer 
system 470. The controller 480 can operate substrate transfer 
operations Within the vacuum processing tool 400 and sub 
strate processing performed Within the processing systems 
430-460. In one embodiment of the invention, the controller 
480 can be programmed through a program stored in the 
memory of the controller 480 to perform processes of 
embodiments of the invention and any functions associated 
With monitoring the processes. The controller 480 may be a 
systems controller, a dedicated hardWare circuit, a pro 
grammed general purpose computer, such as a DELL PRE 
CISION WORKSTATION 610TM, available from Dell Cor 
poration, Austin, Tex. 

FIG. 5 is a simpli?ed block-diagram of a processing system 
containing an UV radiation source for processing a semicon 
ductor device according to embodiments of the invention. 
The processing system 500 includes a process chamber 581 
accommodating therein a substrate holder 582 equipped With 
a heater 583 that can be a resistive heater. Alternately, the 
heater 583 may be a lamp heater or any other type of heater. 
Furthermore the process chamber 581 contains an exhaust 
line 586 connected to the bottom portion of the process cham 
ber 581 and to a vacuum pump 587. The substrate holder 582 
can be rotated by a drive mechanism (not shoWn). The process 
chamber 581 contains a process space 586 above the substrate 
585. The inner surface of the process chamber 581 contains an 
inner liner 584 made of quartz in order to suppress metal 
contamination of the substrate 585 to be processed. 

The process chamber 581 contains a gas line 588 With a 
noZZle 589 located opposite the exhaust line 586 for ?oWing 
a process gas over the substrate 585. The process gas ?oWs 
over the substrate 585 in a processing space 586 and is evacu 
ated from the process chamber 581 by the exhaust line 586. 

The process gas supplied from the noZZle 589 is activated 
by UV radiation generated by an UV radiation source 591 
emitting UV radiation through a UV transmissive WindoW 
592 (e.g., quartz) into the processing space 586 betWeen the 
noZZle 589 and the substrate 585. The UV radiation forms 
oxidation radicals in the processing space 586 that How along 
the surface of the substrate 585, thereby exposing the sub 
strate 585 to the oxidation radicals. The oxidation radicals 
include O and/or N atoms. The UV radiation source 591 is 
con?gured to generate UV radiation capable of dissociating 
an oxygen-, nitrogen-, or oxygen and nitrogen-containing gas 
to form the oxidation radicals. Unlike during plasma process 
ing, substantially no ions are formed in the processing space 
586 by the UV radiation. Commonly, UV radiation is referred 
to as having Wavelengths betWeen about 5 nm and about 400 
nm. According to one embodiment of the invention, the UV 
radiation source 591 is con?gured to generate UV radiation 
With a Wavelength of 172 nm. 

Furthermore, the process chamber 581 contains a remote 
plasma source 593 located opposite the exhaust line 586. The 
remote plasma source 593 may be utiliZed to form neutral and 
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10 
ioniZed plasma-excited species that may assist in the UV 
assisted oxidation process described above. A process gas 
containing oxygen-, nitrogen-, or oxygen and nitrogen-con 
taining gas can be supplied by gas line 594 to the remote 
plasma source 593 for forming the plasma-excited oxidation 
species. The plasma-excited oxidation species ?oW from the 
remote plasma source 593 along the surface of the substrate 
585, thereby exposing the substrate to the plasma-excited 
oxidation species. 

According to one embodiment of the invention, in addition 
to exposing the substrate 585 to oxidation radicals generated 
by the UV radiation source 591, the substrate may be exposed 
to plasma-excited oxidation species generated by the remote 
plasma source 593. 

Still referring to FIG. 5, a controller 599 includes a micro 
processor, a memory, and a digital I/ O port capable of gener 
ating control voltages su?icient to communicate and activate 
inputs of the processing system 500 as Well as monitor out 
puts from the processing system 500. Moreover, the control 
ler 599 is coupled to and exchanges information With process 
chamber 581, the pump 587, the heater 583, the remote 
plasma source 593, and the UV radiation source 591. As With 
the controller 499 in FIG. 4, the controller 599 may be imple 
mented as a UNIX-based Workstation. Alternately, the con 
troller 599 can be implemented as a general-purpose com 
puter, digital signal processing system, etc. 

Further details of a processing system containing an UV 
radiation source is described in copending European Patent 
Application EP1453083A1, titled “NITRIDING METHOD 
FOR INSULATION FILM, SEMICONDUCTOR DEVICE 
AND PRODUCTION METHOD FOR SEMICONDUCTOR 
DEVICE, SUBSTRATE TREATING DEVICE AND SUB 
STRATE TREATING METHOD”, the entire contents of 
Which is hereby incorporated by reference. 

It should be understood that various modi?cations and 
variations of the present invention may be employed in prac 
ticing the invention. It is therefore to be understood that, 
Within the scope of the appended claims, the invention may be 
practiced otherWise than as speci?cally described herein. 
What is claimed is: 
1. A method of forming a semiconductor device, compris 

ing: 
providing a substrate in a processing chamber of a vacuum 

processing tool, the processing chamber being pressure 
controlled to induce a vacuum, the substrate having a 
strained Ge-containing layer on the substrate and a Si 
containing layer on the strained Ge-containing layer; 

maintaining the substrate at a temperature less than 700° 
C.; 

introducing a process gas through a noZZle into the pro 
cessing chamber; 

exposing the process gas to ultra-violet radiation to form 
oxidation radicals by dissociating the process gas, the 
ultra-violet radiation being radiated into a region 
betWeen the noZZle and the substrate by a UV source 
located outside the vacuum; and 

exposing the Si-containing layer to the oxidation radicals 
to form a Si-containing dielectric layer While minimiZ 
ing oxidation and strain relaxation in the underlying 
strained Ge-containing layer, 

Wherein substantially no ions are formed in the processing 
tool during exposure to the ultra-violet radiation. 

2. The method according to claim 1, Wherein the Si-con 
taining layer comprises a Si layer, a SiO2 layer, a SiN layer, or 
a SiON layer, or a combination of tWo or more thereof. 

3. The method according to claim 1, Wherein only a portion 
of the Si-containing layer is exposed to the ultra-violet radia 
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tion and the process gas contains an oxygen, nitrogen, or 
oxygen and nitrogen-containing gas. 

4. The method according to claim 3, Wherein the process 
gas comprises 02, H2O, N2, NH3, NO, N02, or N20, or a 
combination of tWo or more thereof. 

5. The method according to claim 3, Wherein the portion of 
the Si-containing layer is exposed to the ultra-violet radiation 
via a WindoW transmissive to the ultra-violet radiation 
arranged betWeen the ultra-violet source and the process 
chamber. 

6. The method according to claim 3, Wherein the ultra 
violet radiation is generated at a Wavelength of 172 nm. 

7. The method according to claim 1, Wherein the Si-con 
taining dielectric layer comprises a SiO2 layer, a SiON layer, 
or a SiN layer, or a combination of tWo or more thereof. 

8. The method according to claim 1, Wherein the Si-con 
taining layer comprises a loW density SiO,C layer and the 
formed Si-containing dielectric layer comprises a SiO2 layer, 
a SiON layer, or a combination thereof. 

9. The method according to claim 7, Wherein the Si-con 
taining layer has a thickness betWeen about 0.3 nm and about 
2 nm and the formed Si-containing dielectric layer has a 
thickness betWeen about 0.3 nm and about 2 nm. 

10. The method according to claim 7, Wherein the Si 
containing layer has a thickness betWeen about 0.5 nm and 
about 1 nm and the formed Si-containing dielectric layer has 
a thickness betWeen about 0.5 nm and about 1 nm. 

11. The method according to claim 1, Wherein the exposing 
of the Si-containing layer comprises: 

exposing the Si-containing layer to the ultra-violet radia 
tion and a ?rst process gas comprising 02 or H20; and 

thereafter, exposing the Si-containing layer to the ultra 
violet radiation and a second process gas comprising N2 
or NH3. 

12. The method according to claim 1, Wherein the exposing 
of the Si-containing layer comprises: 

exposing the Si-containing layer to the ultra-violet radia 
tion and a ?rst process gas comprising N2 or NH3; and 

thereafter, exposing the Si-containing layer to the ultra 
violet radiation and a second process gas comprising 02 
or H20. 

13. The method according to claim 1, Wherein the provid 
ing comprises: 

depositing a strained Ge-containing layer on the substrate; 
and 

forming a Si-containing layer on the strained Ge-contain 
ing layer, Wherein one or both of the depositing and 
forming is performed in the vacuum processing tool. 
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14. The method according to claim 1, further comprising 

forming a gate electrode layer on the formed Si-containing 
dielectric layer, the gate electrode layer comprising poly Si, 
W, WN, WSix,Al, Mo, Ta, TaN, TaSiN, HfN, HfSi, HfSiN, Ti, 
TiN, TiSiN, Mo, MoN, Re, Pt, or Ru. 

15. The method according to claim 1, further comprising: 
forming a high-k dielectric layer on the formed Si-contain 

ing dielectric layer, Wherein the high-k dielectric layer 
comprises Ta2O5, TiO2, ZrO2, A1203, Y2O3, HfSiOx, 
HfO2, ZrSiOx, TaSiOx, SrOx, SrSiOx, LaOx, LaSiOx, 
YOX, orYSiOx, or combinations of tWo or more thereof; 
and 

forming a gate electrode layer on the high-k dielectric 
layer, Wherein the gate electrode layer comprises poly 
Si, W, WN, WSix, Al, Mo, Ta, TaN, TaSiN, HfN, HfSi, 
HfSiN, Ti, TiN, TiSiN, Mo, MoN, Re, Pt, or Ru. 

16. The method according to claim 1, Wherein said expos 
ing comprises oxidiZing only a portion of the Si-containing 
layer. 

17. A method of forming a MOSFET device, comprising: 
providing a substrate in a process chamber of a vacuum 

processing tool, the process chamber being pressure 
controlled to induce a vacuum therein; 

depositing a strained Ge-containing channel region on the 
substrate; 

forming a Si layer on the strained Ge-containing channel 
region; 

introducing a process gas through a noZZle into the process 
chamber; 

exposing the process gas to ultra-violet radiation to form 
oxidation radicals by dissociating the process gas, the 
ultra-violet radiation being radiated into a region 
betWeen the noZZle and the substrate by a UV source 
located outside the vacuum; and 

exposing the Si layer to the oxygen radicals to form a SiO2 
gate dielectric layer While minimiZing oxidation and 
strain relaxation in the underlying strained Ge-contain 
ing layer, 

Wherein substantially no ions are formed in the processing 
tool during exposure to the ultra-violet radiation. 

18. The method according to claim 1, Wherein in the expos 
ing, the ultra-violet radiation is radiated through a processing 
chamber WindoW located betWeen the noZZle and the sub 
strate. 


